ABSTRACT The objective of the study was to assess the relations of socioeconomic and behavioral factors to frequent consumption of sugar-sweetened soda among New York City (NYC) adults and the relation of frequent consumption to body mass index (BMI; kg/m 2 ). Data from the 2005 NYC Community Health Survey, a population-based telephone survey, were analyzed. Frequent consumption was defined as drinking one or more 12-oz servings of sugar-sweetened soda on an average day; 9,865 adults, aged 18 years and older, provided valid responses. Logistic regression was used to identify factors associated with frequent consumption, and linear regression models were used to assess the relation of frequent consumption to BMI. An estimated 27.5% of NYC adults are frequent sugar-sweetened soda consumers. Frequent consumption is independently associated with low household income (odds ratio [OR]=1.7, 95% confidence interval [CI] 1.4-2.1 for G200% vs. ≥600% federal poverty level) and with ethnic group and nativity (e.g., OR=3.1, 95% CI 2.6-3.7 for U.S.-born blacks vs. whites). Men report more consumption then women, but an association of less education with frequent consumption is stronger among women. Adjusting for demographics, frequent consumption is associated with more television viewing and with less physical activity. Adjusting for demographics and behaviors, frequent consumption was associated with higher BMI among women (0.7 BMI units, 95% CI 0.1-1.2) but not among men. Disparities in sugar-sweetened soda consumption mirror obesity disparities. Improved surveillance and interventions are needed to better quantify and reduce consumption of sugar-sweetened beverages, especially in groups most impacted by obesity.
INTRODUCTION
The prevalence of obesity (defined as BMI≥30 kg/m 2 ) in the U.S. nearly doubled from 12.0% in 1991 to 20.9% in 2001. 1, 2 In 2004, 21.7% of the New York City population was obese, compared to 18.2% in 2002. 3 Obesity and excess weight are clear contributors to diabetes, stroke, heart disease, and excess mortality. [4] [5] [6] One study estimated that obesity leads to excess medical costs of $295/per person per year, similar to the individual contributions of smoking or alcohol consumption to medical costs. 7 Obesity is a complex public health problem, with numerous contributing factors. One potential pathway to weight gain is increased energy intake from the consumption of sugar-sweetened soda. The past 30 years has been marked by increased consumption of sugar-sweetened soda among both children and adults. In the late 1970s, 2.8% of energy intake for Americans was from sugar-sweetened soda. By 2001, this proportion had risen to more than 7.0%, accounting for one third of the 16% increase in total daily calorie intake during the same period. 8 Energy consumption from soda increased among all age groups and from all sources, including vending machines, restaurants, fast food establishments, and grocery stores and supermarkets. 8 Notably, the increase in soda consumption has mirrored the emergence of obesity as a major public health threat in the U.S. 9 Obesity disproportionately affects the poor and certain race/ethnicity groups, both nationally and within New York City. In New York City, obesity is 1.8 times as prevalent in the non-Hispanic black population compared to the white population. Those living below 100% of the federal poverty level in New York City are nearly twice as likely to be obese compared to those with incomes greater than 600% of the federal poverty level. The prevalence of obesity in some low-income New York City neighborhoods approaches 30%, compared to less than 15% in some of New York City's more affluent neighborhoods. 3 Despite disparities in obesity, to our knowledge, only one study has assessed variation in sugar-sweetened beverage and soda consumption in relation to demographic or socio-demographic factors associated with obesity. 10 We analyzed data from a 2005 population-based telephone survey of adult New York City residents to identify individual characteristics of frequent consumers of sugar-sweetened soda, and to assess the association between sugar-sweetened soda consumption and body mass index (BMI).
MATERIALS AND METHODS

Data Source
The New York City Department of Health and Mental Hygiene (DOHMH) Community Health Survey (CHS) is an annual, stratified random digit-dialed phone survey of approximately 10,000 adult New York City residents, based on the nationwide Behavioral Risk Factor Surveillance System survey. The CHS is described in detail elsewhere. 11 Data for the CHS are collected through computer-assisted telephone interviews of noninstitutionalized New York City residents age 18 and older. The CHS sampling frame is designed to provide neighborhood estimates of health outcomes and health-related behaviors. Data were collected in 2005 and analyzed in the summer of 2006. The CHS protocol is reviewed and approved annually by the DOHMH Institutional Review Board.
Variables
The question assessing soda consumption in the 2005 CHS asked respondents, "On an average day, how many sodas do you drink? One drink of soda would equal a 12 ounce can, bottle or glass. Do not include diet soda or seltzer." The question was developed specifically for the 2005 CHS and underwent cognitive testing and development. Available response categories were zero or a positive integer. For analyses presented in this paper, we used a dichotomous variable for sugar-sweetened soda consumption: one or more sugar-sweetened sodas on an average day vs. no sugarsweetened sodas on an average day. Analyses were also conducted using cans of sugarsweetened soda in an average day as a continuous variable. Findings of these alternative analyses were similar in terms of demographic and behavioral factors associated with higher consumption and the association between sugar-sweetened soda consumption and BMI and are not presented in this paper.
Other variables used in this analysis included gender and age. A composite race/ ethnicity and foreign-born/U.S.-born variable was used because frequent soda consumption varied dramatically within certain populations, specifically within the Hispanic and black populations. Ten race/ethnicity/nativity categories were created: white, U.S.-born black, foreign-born black, Asian/Pacific Islander, Dominican, Puerto Rican, Mexican/Mexican-American, other Hispanic/Latino (U.S. born), other Hispanic/ Latino (foreign born), and other. The Mexican and Mexican-American populations were combined because there were too few Mexican-American (U.S.-born) individuals for statistical analysis. In addition, the percent of frequent soda consumers did not differ between foreign-and U.S.-born Mexicans.
The income-to-poverty ratio in each respondent's household was classified as an income of less than 200% of the federal poverty level, between 200% and 599% of the federal poverty level, greater than 600% of the federal poverty level, and unknown. We used less than 200% of the federal poverty group to define the low-income group to account for the relatively high cost of living in New York City. Education was classified as less than a high school education, high school graduate, some college or technical school, and college graduate.
Behavioral factors were also included in the analysis. Frequency of television viewing was classified as less than or equal to 1 h per day, between 2 and 4 h per day, and 5 or more hours per day. Physical activity was classified into three categories according to the Healthy People 2010 guidelines for physical activity: (1) meeting the Healthy People goals for moderate or vigorous physical activity (corresponding to 30 min/day of moderate activity 5 days per week or 20 min/day of vigorous activity 3 days per week), (2) not meeting the Healthy People 2010 goals for physical activity but still reporting some moderate and vigorous physical activity, and (3) no moderate or vigorous physical activity. 12 Smoking status classified as former, never, and current was included in models with BMI because of the association between being a current smoker and having a lower BMI.
Statistical Analysis
Data were weighted to account for unequal selection probabilities and nonresponse. Primary weights consisted of the number of adults in each household divided by the number of residential telephone lines with an adjustment for households reporting interrupted phone service. Post-stratification weights were used to adjust the sample estimates to the age, race/ethnicity, and gender composition of each United Hospital Fund (UHF) neighborhood, as per the 2000 Census.
We estimated the prevalence and 95% confidence intervals (CIs) of frequent soda consumption in SUDAAN to account for the sampling scheme used in the CHS. In addition, because age was a strong predictor of soda consumption, we evaluated the age-adjusted prevalence of daily soda consumption within each covariate group. The method of age adjustment was direct standardization using age weights from the U.S. Standard Million population.
To assess independent predictors of soda consumption, two multivariate logistic regression models were constructed, with soda consumption as the primary outcome of interest. The first model was intended to identify independent demographic predictors of soda consumption and included age group, gender, race/ethnicity, incometo-poverty ratio, and educational attainment. The second model added the behavioral measures of physical activity and television viewing to evaluate associations of soda consumption with sedentary behaviors.
To determine the association between soda consumption and BMI, three linear regression models were developed with BMI as the outcome of interest and soda consumption as the predictor of interest. The first model adjusted only for age group. The second model included covariates for age group, gender, race/ethnicity, income-topoverty ratio, and educational attainment. The third model added the behavioral covariates of television viewing, physical activity, and smoking status (current vs. former/never). Prior studies have shown disparities in obesity to vary by gender, so in both the soda consumption and BMI analyses, relevant two-way statistical interactions were tested for gender with education, race, and income. 13, 14 In addition, an interaction between gender and soda consumption in relation to BMI was also evaluated.
All p values presented are two tailed, and pG0.05 was considered statistically significant. The Wald test was used to evaluate the overall significance of categorical covariates. All statistical analyses were performed using SAS 15 and SUDAAN. 16 
RESULTS
Twenty-seven percent of New York City adults or 1.66 million adults reported consuming one or more 12-oz servings of sugar-sweetened soda per day. Among these frequent consumers, 59% consumed one soda on an average day; the average was 1.9 sodas per day. There are large differences in self-reported soda consumption by gender, age group, race/ethnicity, socioeconomic status, and weight status ( Table 1 ). The proportions of U.S.-born blacks, Puerto Ricans, and Mexicans/MexicanAmericans who reported consuming more than one soda per day was more than twice that of whites. Individuals aged 18-24, men, and those with less than a college education were also more likely to be frequent soda consumers. In addition, those living in households with an income of 200% of the poverty level or less were more likely to be frequent soda consumers than those from higher income households. The prevalence of frequent soda consumption was highest among obese and overweight individuals, compared to normal weight individuals. Soda consumption was also associated with sedentary behaviors. Among those watching 5 or more hours of television per day, the prevalence of frequent soda consumption was 38%, compared to 21% among those watching an hour or less per day. Individuals not reporting any moderate or vigorous physical activity were also more likely to be frequent soda consumers than those reporting at least some moderate physical activity.
In a logistic regression model with frequent sugar-sweetened soda consumption as the outcome, age, gender, income-to-poverty ratio, and educational attainment were significant independent demographic predictors of frequent soda consumption after adjustment; a significant two-way interaction between gender and educational attainment was also observed (Table 2, model 1). Young adults were more likely than older adults to be frequent consumers. With whites as the reference group, the odds of consuming soda was 3.1 times higher for U.S.-born blacks (95% CI 2.6-3.7), 2.4 times higher for Puerto Ricans (95% CI 1.9-3.0), and 2.9 times higher for Mexican/Mexican-Americans (95% CI 2.0-4.1). Those living in households with income less than 200% of the federal poverty level were more likely (odds ratio [OR]= 1.7, 95% CI 1.4-2.1) to be frequent soda consumers than those in households earning 600% or more of the poverty level. The joint effect of educational attainment and gender showed that, independent of age, race, and income, men and the less educated participants were more likely to be frequent soda consumers. The increase in the odds of frequent soda consumption with less education was greater among women. Independent of demographic factors, those reporting 5 or more hours of TV watching daily were more likely to be frequent soda consumers than those reporting 1 h or less of TV viewing per day (OR=1.8, 95% CI 1.4-2.3; Table 2 , model 2). Similarly, adults who reported no moderate or vigorous physical activity were more frequent soda consumers than those meeting Healthy People 2010 physical activity recommendations (OR=1.7, 95% CI 1.4-2.0). Demographic associations with frequent soda consumption were little changed by adjustment for these behaviors.
In linear regression models with BMI as the outcome, gender was found to modify the association between soda consumption and weight (Table 3) . Adjusting for age only, women consuming one or more 12-oz servings of sugar-sweetened soda per day had mean BMI 1.8 units higher than those consuming less than one can per day, while the association of soda consumption with BMI was much weaker for men (model 1). Adjustment for other demographic factors eliminated the BMI-soda consumption association for men and attenuated it for women (model 2). Further adjustment for frequency of television watching, physical activity, and smoking had little additional impact on the relation of BMI to soda consumption and gender; women who were frequent soda consumers were an average of 0.7 BMI units heavier (95% CI 0.1-1.2).
DISCUSSION
More than one in four adult New York City residents consumes one or more cans of sugar-sweetened soda per day. Consumption varies widely among demographic groups, with socially disadvantaged populations, who are most impacted by obesity, having the highest prevalence of frequent consumption. Frequent soda consumption is strongly associated with sedentary behaviors, including not participating in any moderate or vigorous physical activity and watching 2 or more hours of television per Adjusted for age group, gender, race/ethnicity, income to poverty ratio, and education/gender interaction. b Adjusted for age group, gender, race/ethnicity, income to poverty ratio, education/gender interaction, frequency of television viewing, and physical activity.
FACTORS ASSOCIATED WITH SODA CONSUMPTION IN NEW YORK CITY ADULTS
day. Men are more likely than women to be frequent soda consumers; however, only among women is soda consumption associated with increased BMI in this study. Limitations of our study, including its cross-sectional nature and unmeasured nutritional behaviors, preclude strong inference about a causal link of sugarsweetened soda consumption to obesity among New York City adults. However, the strong associations we found of frequent consumption of sugar-sweetened soda with demographic and behavioral risk factors for obesity have important implications for addressing the obesity epidemic and health disparities in New York City.
We identified differences in soda consumption that mirror disparities in obesity and other chronic diseases in New York City. Frequent soda consumption is more common among U.S.-born blacks and Hispanics as well as those with less household income and less education compared with whites and more affluent and educated New Yorkers. Other health-related behaviors, including physical activity and nutrition, show similar differences in other populations. [17] [18] [19] Why socially disadvantaged populations are more likely to drink sugar-sweetened soda is not clear, but the low cost and marketing in convenience stores that are common in low-income New York City neighborhoods 20 may play a role. The fact that income-to-poverty ratio, educational attainment, and race/ethnicity/birthplace were all independent predictors of frequent soda consumption suggest that a combination of factors related to economic resources, health literacy, and culture may contribute to these differences.
The association between frequent soda consumption and higher BMI among New York City women is consistent with the evidence from other studies. One crosssectional study, in the rural west, determined that soda consumption was significantly associated with increased odds of being overweight or obese among both men and women. 21 However, this study defined soda consumption as one or more per week and analyzed weight as a categorical rather than continuous variable, making comparison with our results difficult. Another study determined that consuming one or more sodas per week was associated with increased weight in women. Men who drank soda tended to weigh more, but the difference was not significant. 22 While a BMI difference of less than one unit may seem small, it can be important at the population level. For example, we estimate that if the BMI of all New York City women who are frequent consumers of sugar-sweetened soda (approximately 700,000 women) was decreased by 0.7 units, approximately 20,000 fewer would be Adjusted for age group, gender, race/ethnicity, income to poverty ratio, education/gender interaction.
c Adjusted for age group, gender, race/ethnicity, income to poverty ratio, education/gender interaction, frequency of television viewing, physical activity, and smoking status (current, former, and never).
classified as obese and approximately 30,000 fewer would be classified as overweight. Nonetheless, it should be noted only a limited amount of the individual level variation in BMI (r 2 =11%) is explained by all of the limited set of demographic and behavioral variables available to us.
Because weight gain may lead to changes in sugar-sweetened beverage consumption, prospective studies provide more useful evidence on the relationship between consumption and subsequent weight gain. An analysis of data from the Nurse's Health Study determined that women who increased their soda consumption from less than one per week, to one or more per day had significantly greater weight gain than women who did not increase their soda intake or who reduced their soda consumption during an 8-year follow-up period. 23 However, the group that increased their soda consumption was very small, and women who maintained frequent soda consumption from baseline did not experience weight gain compared to women who were infrequent soda consumers. This study also reported that the consumption of soda and sweetened fruit drink consumption was also associated with an increased incidence of type-2 diabetes.
Experimental studies have supported a role of the consumption of caloric sweeteners in soda in weight gain, at least over the short term. Unlike prospective observational studies, experimental trials tend to be feeding studies with limited follow-up and smaller sample sizes. One study randomized participants to sucrose or artificially sweetened beverages. Individuals randomized to the sucrose treatment had an increased BMI and fat mass compared to individuals in the artificially sweetened treatment group. 24 A crossover trial determined that the consumption of 1,150 g of high-fructose corn syrup-sweetened soda over a 3-week period led to increased weight in women (0.97 kg weight gain relative to no soda treatment group; pG0.01) but not men. 25 Important limitations of our findings include the lack of measures of some important potential confounders, self-reported behavior and BMI measures, the crosssectional design of our study, and our measure of sugar-sweetened soda consumption.
The observed association of soda consumption with physical inactivity and television viewing, two sedentary behaviors linked with obesity, are consistent with other studies showing that unhealthy and healthy lifestyle behaviors tend to cluster but also implies that confounding by unmeasured lifestyle factors may explain the association between soda consumption and BMI among women observed in this analysis. 19 A recent study determined that high-caloric beverage consumers were more likely to be frequent fast food consumers and less likely to be vegetable consumers, both factors being linked to BMI and unmeasured in our study. 10 Another limitation of the present study is the self-reported measures of both soda consumption and BMI and possible differential reporting of soda consumption by race, age, gender, or even by BMI class. While self-reported height and weight are used to track obesity at the state level, 1,2 both men and women underreport weight, and men may overreport height in telephone surveys. 26 However, the resulting downward bias in the population distribution of BMI seems unlikely to explain the association we observed between soda consumption and BMI in New York City women; the random component of error from a self-report of height and weight may have biased this observed association toward the null.
Some individuals may be more likely to underreport their soda consumption due to social desirability factors, while some may be more likely to report soda intake accurately. In addition, when faced with weight gain, many individuals may reduce or eliminate soda from their diet, making the relationship between soda consumption and weight difficult to evaluate in a cross-sectional study. Finally, our measure of sugar-sweetened soda consumption-drinking one or more sugar-sweetened sodas per day-did not include less frequent consumption of noncarbonated beverages sweetened with sugar, including sweetened ice tea, sports drinks, and fruit drinks. We were also unable to evaluate diet soda consumption in this analysis. It is notable that sales of traditional soft drinks and soda have stabilized, while sales for sports drinks, sweetened iced tea and coffee drinks, and energy drinks increased more than 30% in 2005. 27 While the focus of our study was sociodemographic disparities in sugar-sweetened soda consumption among individuals, neighborhood contextual factors, such as advertising and shelf placement in local markets, 20 might contribute to the disparities we observed. Systematic data needed to study such neighborhood environmental factors are not available across the city. Additional analyses we conducted, however, did not support the hypothesis that our findings are substantially explained by clustering based on neighborhood of residence. A fixed effect class variable for UHF neighborhood was not significant when added to the fully adjusted model with frequent sugar-sweetened soda consumption as the outcome, while the associations of individual demographic predictors were not meaningfully attenuated (data not shown).
Whatever mechanisms explain the individual sociodemographic disparities in sugar-sweetened soda consumption, their existence suggests that sugar-sweetened soda consumption may be contributing to the overall high prevalence of obesity, especially among socially disadvantaged women in New York City. Improved surveillance of consumption and relevant environmental factors as well as individualand community-level interventions are urgently needed to better quantify and reduce the impact of sugar-sweetened soda on obesity.
